The selection of appropriate ground motions and reasonable modification are becoming increasingly critical in reliable prediction on seismic performance of structures. A widely used amplitude scaling approach is not sufficient for robust structural evaluation considering a site specific seismic hazard because only one spectral value is matched to the design spectrum typically at the structural fundamental period. Hence alternative approaches for ground motion selection and modifications have been suggested. However, there is no means to evaluate such methodologies yet. In this study, it is focused to describe the main questions resided in the amplitude scaling approach and to propose a regression model for structural damage as point of comparison. Spectrum compatible approach whose resulting spectrum matches the design spectrum at the entire range of the structural period is considered as alternative to be compared to the amplitude scaling approach. The design spectrum is generated according to ASCE7-05.
Introduction
It would be very important to apply a recorded ground motion from a previous event that has same site condition, earthquake characteristics (such as distance, magnitude, fault type, directivity, and etc.) for reasonable seismic design and evaluation because structural response is very sensitive to the choice of ground motions especially in nonlinear dynamic analysis for offshore structures vulnerable to seismic hazard (Kim, 2012; Jun et al., 2006) . It would be extremely rare, however, to find such a ground motion record. Hence, it is common practice to select empirical recorded motions from other locations with similar site and hazard characteristics, which results in the necessity of modifying ground motions so that the demands imposed by the selected records are within the expected range of force demands dictated by the site-specific design spectrum. Two of the main approaches to ground motion modification are intensity based scaling and spectrum matching. The former involves magnitude scaling of acceleration time series at a spectral period, and the latter involves modifying the spectral content of the time series for the entire range of spectral periods in the design spectrum.
The main issues that need to be considered in choosing either of the ground motion modification methods are: An expression of the following form can be generated from available data:
In the above expression, n predictive parameters are selected. The constants are determined by data analysis.
The importance of the selected variables can be established by examining the magnitude of the constants and the standard deviation of the residuals and the correlation among the predictive parameters. The correlation can be determined by examining the following parameter:
This is a residual normalized by the standard deviation of the residual. The residual of the model Y is determined from:
Once it is confirmed that a correlation exists between some of the predictive parameters, these variables should be linked by correlation functions. For example, if ε lnX1 , ε lnX2 and εlnX3 are correlated, then the following correlation functions can be developed:
Note that in the above expressions, each of the predictive parameters can be formulated as a separate set of regression models. This is a general process to establish a regression model; hence, it can be applied to the and Sa T2 ) represent the predictive parameters.
Regression Model for Ground Motion Parameter
Ideally, the objective of the probabilistic assessment is to establish the probability of exceeding a certain damage threshold given an earthquake scenario. To accomplish this, it is also essential to develop a ground motion prediction model in terms of earthquake parameters (such as moment magnitude, M, of the earthquake and closet distance to the rupture zone, R)
In the above example, only a single ground motion parameter and two earthquake parameters are considered.
Additional forms of the above model are obviously possible and the choice of parameters depends on numerous factors. The development of a ground motion prediction model based on earthquake site and source characteristics is beyond the scope of the present study because a large body of literature currently exists on this topic in the field of seismology. In the present study, spectral magnitudes are generated using provisions in ASCE 7-05.
Probability Density and Fragility Curve of the Response
Finally, the probability that a set of ground motions causes a selected damage index to be exceeded for a given earthquake scenario is computed by integrating the probability distribution of the structural response measure (DI) over the truncated area from ε' δlnDI (the value of the normalized residual corresponding to a specified damage state, di) to infinity:
In the above equations,    ln is the normal distribution function of the normalized residuals with the mean,   ln , and standard deviation,   ln , of the computed damage indices. The cumulative probability density distribution represented by Eq. (7) is referred to as a fragility function.
Probabilistic Performance Evaluation
The procedure described in Section 2.1 through 2. 
Results of the data analysis using the proposed structural damage in Heo (2009) are presented in Table 1 . (a) for the spectral acceleration at the first mode period (b) for the spectral acceleration at the second mode period Table 3 The peak ground accelerations (PGA) and the spectral accelerations at the fundamental period (SaT1) of the 17 ground motions quite reasonable within about 16% of the standard deviation.
Recall from Eq. (3) Table 2 and Table 3 .
For intensity scaling approach, three sets of seven ground motions are selected from a bin consisting of the 17 randomly selected ground motions. The seven ground motions contained in these ground motion sets and each scale factor(SF) are tabulated in Table 4 . The acceleration spectra of these ground motions are scaled to the design spectrum at the fundamental period.
The scaled spectra for each set are plotted in Fig. 2 This probability distribution for 200 unscaled ground motion can play a role of "true" solution and it is shown in Fig. 3 with bold solid line. Also, regular solid line and dotted line display the probability distribution of structural performance for spectrum-matched and scaled ground motions respectively. In Fig. 3(a) , the probability distributions are plotted using all 17 ground motions for both approaches while only 7 ground motions are used as listed in Table 4 for Fig. 3 that the mean estimates of structural damage using a limited subset of spectrum-matched records are statistically more consistent than similar estimates using the same set of scaled records. Therefore, significantly more effort should go into selecting appropriate records when using a scaling approach. Consequently, spectrum compatible approach provides more reliable prediction of seismic performance for RC buildings with much less computational cost than other existing methodologies to select and modify ground motions. Further research should explore the effect of different structural types on seismic performance evaluation.
